Background and Purpose: Headache is one of the most common side effects of electroconvulsive therapy (ECT), with a reported prevalence as high as 45%. Typical pharmacologic measures include aspirin, acetaminophen, or nonsteroidal anti-inflammatory medications. Among the latter, ketorolac may be especially advantageous in that it can be administered intravenously right before a treatment. The primary aim of this study was to measure the efficacy of intravenous ketorolac administration for the prevention of post-ECT headache at the first treatment session. Methods: Sixteen patients were assigned to the control group, while eight patients were assigned to the ketorolac treatment group (8 males, 16 females; mean age ± standard deviation = 46 ± 13.5 years). Statistical analysis consisted of a one-way analysis of variance using the two-sample test. We utilized a post-ECT headache severity scale from zero (no headache) to 3 (severe headache). Results: The mean score for the control group was 1.3 (±1.1), while the mean score for the ketorolac treatment group was 1.2 (±1.1), p = 0.86 (not significant). Conclusions: Ketorolac administration does not decrease the incidence of post ECT headache at the first treatment session. It is possible that ketorolac may be effective at subsequent treatments for patients with particularly bothersome headaches after the first treatment. Implications: Ketorolac should not be routinely used at the first treatment session to prevent headache associated with ECT.
INTRODUCTION
ECT is a commonly administered treatment for serious psychiatric illnesses such as depression, mania, and nonaffective psychosis [1] . It is often used to treat patients who are unresponsive to medication, those who are unable to tolerate the side effects associated with medication or those patients who need a more rapid response than medication alone can provide [1] .
Treatment is performed under general anesthesia and involves the application of a brief electrical current to the brain. The electrical current excites neuronal cells and results in the production of a tonic clonic seizure which usually lasts 20 to 60 seconds. Treatments typically take place three times a week for a total of two to four weeks [1] .
Immediate side effects from ECT include headache, myalgias, nausea, and confusion, which usually occur during the first few hours following the procedure [1] . Headache and nausea are the two most common post treatment complaints, with the reported prevalence of post ECT headache as high as 45% [1, 2] . Although the etiology of post-ECT headache is unknown, there are several theories. ECT results in an up-regulation of 5-HT 2 receptors [1] . Up-regulation and subsequent sensitization of 5-HT 2 receptors may trigger a vascular type headache [1] . ECT results in direct stimulation of the masseter, temporalis, and pterygoid muscles which is not attenuated by administration of succinylcholine. The associated jaw clamping may produce headache [1] . Other theories suggest that increased cerebral blood flow and blood pressure during ECT may contribute to the onset of headache [1] .
The American Psychiatric Association (APA) suggests symptomatic treatment of post ECT headaches with aspirin, acetaminophen or non-steroidal anti-inflammatory medications including intravenous ketorolac [1] . The APA further suggests that patients who experience frequent post-ECT headache may benefit from symptomatic or prophylactic treatment with these medications [1] . Ketorolac is a non-steroidal anti-inflammatory drug providing relief from short-term acute pain. While the efficacy of ketorolac for post-operative pain management has been studied extensively, we have found no studies that assess its clinical effectiveness as a prophylactic treatment for the prevention of post-ECT headache.
Herein, we studied the efficacy of prophylactic intravenous ketorolac administration in randomized, blinded manner for the prevention of post ECT headaches utilizing a control group given no ketorolac. The primary aim of this study was to measure the efficacy of intravenous ketorolac administration for the prevention of post-ECT headache at the first treatment session.
MATERIALS AND METHODS
The study was approved by the Mayo Clinic Institutional Review Board. Patients were recruited from April, 2009, through March, 2010. Prior to their first ECT treatment at Mayo Clinic, informed consent was obtained from 29 patients at Mayo Clinic, Rochester. Thirteen of the study participants received ketorolac, while nineteen study participants did not. Patients were assigned to one of two treatments (ketorolac vs not) using a randomization schedule. The randomization schedule was prepared by the Division of Biomedical Statistics and Informatics and was stratified in blocks of four to ensure that after every fourth patient had been randomized, there were an equal number assigned to each treatment group. Individual randomization assignments were kept in sealed envelopes and numbered from one to twenty-nine, and only opened for a given patient after consent has been obtained. This ensured that everyone was blinded to the randomization schedule. Post ECT headache severity was then rated by each participant on a 4-point scale (0 = no headache, 1 = mild headache, 2 = moderate headache, 3 = severe headache).
The patient's pre-treatment care included placement of an intravenous catheter and administration of 0.2 mg of intravenous glycopyrrolate to prevent vagal arrhythmias and excess oral salivation, unless it was contra-indicated. Patients received sodium thiopental for anesthesia induction. Study participants then randomly received the recommended dose of 30 mg or 15 mg of intravenous ketorolac after induction of general anesthesia. Following induction of general anesthesia, succinylcholine was administered for paralysis. Following muscle relaxation, the electrical stimulus was administered and the seizure ensued. Preoxygenation was given prior to induction of anesthesia. Once patients were apneic they were hand ventilated with Ambu-bag mask until spontaneous respirations resumed after the seizure. Patients were monitored with blood pressure, pulse oximetry, and continuous electrocardiogram (ECG). Following ECT administration, patients were transferred to the recovery area and were fully recovered, and sent to their inpatient rooms. Post ECT headache severity was then rated by each participant on a 4-point scale.
Patients
Patients who presented to the ECT suite already complaining of a headache and those allergic to ketorolac were also excluded.
The patients and all outcome assessors were blinded to the administration of ketorolac. The trial operators, anesthesia providers and psychiatric staff in the ECT suite were not blinded. The outcome assessors included student registered nurse anesthetists, who enrolled and consented patients in the pre-treatment suite, collected demographic data from the treatment on the case report form, and gave the anesthesia provider the envelope containing that patient's randomization assignment.
The standardized questionnaire for post ECT headache severity was utilized by the study staff in the afternoon following ECT treatment. Additional demographic data collected included age, body mass index, gender, Anesthesiological Society of America status, and additional medications/anesthetics administered.
One-way analysis of variance using the two-sample test was the statistical analysis used to determine the headache rating.
RESULTS
Twenty-nine patients (10 males, 19 females) were enrolled in the study. Fifteen patients were assigned to the control group, while twelve patients were assigned to the treatment group. One patient withdrew from the study before ECT treatment, while another patient never received ECT treatment. Additionally, due to documentation discrepancies, it was undetermined if three patients randomized to ketorolac actually received that drug, so these patients were excluded from analysis. Thus, of 29 patients who signed the consent form, analyzable data are available for 24 (16 in the control group and 8 in the ketorolac group). All patients were medically healthy and free from serious illness such as cardiac or neurological disease.
Traditional theories have attributed post ECT headache to succinylcholine associated myalgias as well as masseter pain associated with the delivery of the electrical current and subsequent clenching of the jaw. Based on these theories, treatment with ketorolac has been endorsed, but perhaps there is another mechanism at play.
Demographic and outcome data are presented in the Table 1 . The mean headache severity score for the control group was 1.3 (±1.1), while the mean headache severity score for the treatment group was 1.2 (±1.1) with a p value of 0.86. In the one-way analysis of variance of age by drug group using the 2-sample test, the mean ages for the drug group were 45 years and the control group was 48 years (p = 0.6, not significant). For a similar analysis of body mass index by group, the average body mass index for the drug group was 29 and for the control group was 31 (p = 0.9, not significant). The results of the one-way analysis of American Society of Anesthesiologists classification by group revealed a mean score for the drug group of 2.9 and for the control group of 2.9 (p = 0.8, not significant). In a contingency analysis of gender by group using the Fisher exact 2 tail test, the p value was 0.4 (not significant). Of the eight patients who received ketorolac, four were male and four female. Of the 16 patients who were in the control group, four were male and twelve female. [5] suggested a serotonergic mechanism both for the efficacy of ECT and its tendency to produce headache. ECT up-regulates serotonin type 2 receptors, sensitization of which has been implicated in the onset of headaches. Studies testing the efficacy of prophylactic serotonin type 2 receptor antagonists for prevention of post ECT headache may prove helpful.
Perhaps changes in cerebral vasculature mediated by ECT contribute to post ECT headaches. Study of this proposed mechanism as well as a study of the efficacy of triptans for relief of post ECT headache is warranted.
CONCLUSION
Routine use of intravenous ketorolac is not indicated at the first ECT treatment session unless a patient has been treated with ECT in the past and experienced headaches in the post-treatment period.
DISCUSSION
Prophylactic ketorolac administration does not appear to prevent or decrease the severity of post ECT headache at the first treatment session. With a p value of 0.86 comparing the mean headache scores between the two groups, there was simply no signal whatsoever of a possible prophylactic benefit of ketorolac.
We should note that the study results as indicated pertain to the first treatment of a patient's series. We do not feel ketorolac should be used on a routine basis at the first treatment session. Further controlled trial research is indicated at subsequent treatments for those patients who experience headache after the first treatment. 
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